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Abstract of JP20031 6321 3 



PROBLEM TO BE SOLVED: To provide a 
manufacturing method of an insulator film 
capable of facilitating control of an insulating 
film and controlling a nitrogen position in the 
film and technique for simply monitoring 
nitrogen concentration of a very thin insulator 
film used in a mass production line in 
manufacture of the very thin insulating film 
whose film thickness is 1.0 nm or thinner. 
SOLUTION: After Ar gas is introduced from an 
Ar gas bomb 44 to a plasma excitation part 8 
to form non-reactive plasma, oxygen gas is 
added from an oxygen gas bomb 24 to form an 
oxygen radical so as to form an oxidation film 
on a substrate 7a. Then, oxidation is gradually 
performed by regulating a ratio of oxygen gas 
to a total gas flow rate and a pressure. Next, 
nitrogen gas is made plasma, and a part of an 
oxidation film is nitrided. Then, a ratio of a 
nitrogen ion component and a nitrogen radical 
component in the nitrogen plasma is controlled 
to be nitrided only in the neighborhood of an 
oxidation film surface at high concentration. 
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iftit>Olf«S IMSyn7r^Bf*i. HI 
0I4, **ttOJgSgU«4»a*ffi-Cf^»$ix4»Wl 



(6) #13 2 0 0 3 - 1 6 3 2 1 3 

yo 

n mWS£afblR4'<7>a?S<D SIMS/07t^ 

Tffcji L /cMItf)SI!:If 5 v * * riJotltt 

a Srff n i £ 1: i >9 , BUBffclWflsfi ?h^ 0 mm ? ->' 
#;H4, Ig.f>^3 4 frh-?* ■ yn- ■ a> ya- 

7 X-^iaeffl 8 U8fc LtlfXvX? JMt4 - 1 1: 

[0 0 2 5] v 'J 3 /MtWfffiC •> 'J ^ >SffcBW f 

<k j&*SMfc; ?li/:o f^i:, > 'J 3 > g£ 

ItlSW^itiSItt ->•; =J wfjira^&ft 4 

a-ffct^WffiUJttglJfi* J: -7 R*6 nmO->>; 3 

* >f * > ^ i: * i±mmf&» t *m\7£. zntzo mm. 

4 0 ^tc, 4 , ttffl*lS55'^'bOfi:.«ptr-^atffi6 K4, 
1 X 1 0- 1 T o r r 4. *) bl&^mt&lZtS^X ft, 7? 

30 x-7^^z^r^^<^i, 0 (H8i4, mmifxmt! 

5X10- 3 Torr (6. 6 7 X 1 0~ 1 P a) , 9 
X10-"Torr (1. 20X10-'Pa) l,Z}S^ 

I MSXn77^*«7 1 , 7 2 =Sr^LTV^ 0 H8 
1-TjrT 4 -? tc, 5X10- 3 Torr COM^^^EE^T- 

Wiatt^»t*Wb*tLrv»& (A«7 1) o i*t»=WL 
X, 9X1 0- 4 To r r^If^EJCi^T^'J 
3 ^SSIbK^a-fbLfct ^(CI4, v'Ja^tftRt vV 
40 3>afeEtW*iB7 3 UiJV^TtftftRl&^ii (ft 
172) o -tt(4, If^ft>i;»#y'J a >5t'fbM4 I 

itL, ^MB-CRJStiSii-OicWL, M#9v*;K4v 
■J 3 >»^Ht3ilir«*«n:Ri&i-4tt* 4 - t 
(C4.4 0 X-r+V&m *><M*mt t fet;, 

a^^f * >7i f -> 3 >g$-fb^t •> u 3 co#k 7 

3 »C*JV»Ti6i1-afkR(C'*«W»t=ft*<» Bl 7 
Si7C, 5X10- 3 Torr <7>a^**XE{Ci5lt4 

fl*^*v*^i»>tttt3iejft^uw-*-ftJt*tt, i/i 

50 0 'gt, 9 X 1 0- 4 T o r r Wft*3(f^EHiJ»t* 
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0 »SI"C*4o H9(4, 5X10- 3 

Torr (2. 0 0 X 1 0" 1 P a) , 1 X 1 0~ 3 T 
orr (1. 33X10-'Pa) dfc^T, -^ft-p 

U, 1. 5X10- 3 Torr«If*-XEj]fy'j3 

fitAWtsftT^i (Siai7 4) o -*iwat, 1 

X 1 0- 3 T o r rtf)If^Eii:iwtv I J3-/g 
ffcJRfcffiffcLfcfc » C(4, •> a >ti.VcMt v U 3 >S 
*gt<7>#Si(lJo>/>T fcS-fbSXt^iBi* (117 5) o 
0 7 7j» J: (-, 1. 5X10 -3 Torr 

£Jt3W4, 1/10MUS, lX10- ! Torr<Ol 

SJfcsptt, 1 /I 0 5 mmx-&Z> a lot, y'J3>S 

rtz>wim%Atmmj*>-it<vztmz \/\ 0 5 4 

•M^S <t4^t!)*, *4i/>l±, af 1x10 
- 3 To r rttlttiifcWR-Cii. 
[ 0 0 2 6] W±I4, Trtr> 'J n >KffclR«>|RJPj&* 6 . 
0 nmOi IWf-i'r-*^^ TiHr>U nv^-fbHUO 

mmi-tt-tzit^Z 1/1 o 5 4 "9 fc/hS <t*iti: 
4 >9 , ->')3 >&ffcJRaHiS#fc*ttrt f afl:S*L£ 0 0 1 
0 14, Mffl. 0 n m«0v'; 3 ^IbKC-ttLT. If 

**^.-7"9X-7 4 , ci3(t'i>a^'i' ^ >4o*itaa§*t-*+ 

■f&Vcmtfl / 1 0 5 4 *) <>/hSv/^#t l/l 0 s J; 
>f^l87 6, 7 7 t^LTl^o 0 1 0 X. 0 

m *n*ti-*it3p**i / 1 o 5 4 ij t /h 

(1^77) o 

[ 0 0 2 7] SHRtf^-X^Xv + Kimaffl* *>* 
0*1tS#4Km--&J£SP£4"Jflp-r* (4, If*" 

*JE&4r£ffc:S-*4ft»)K, ECRX^X-^ifjjgg&c^ 

0*JftO»!»i:|ai«HC, *«S«£8 0 0lC**v»«4S 
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fc**ELO»*. h i gh-kill^A'J 7itL 
T(4, KSfblR«BII¥«±, 0. 3 nm«±**Si Lv\, 
[0 0 2 8] W±KWLfc±?U, if^7'7X-7>}> 
dfctt f * >4<otM£a**u*H-&ifc3s*gefl: 

H4:ti:^T 1 1. 0 n mJ-J.TOlHI?<7)-> 'J r7 > 

hz>* mm ^r^X9X-7*(cj3ij-&a5R * >s<o4>14 

asR4t-*+-r4Jtsp€: i/i o 5 j; i) fe/hs < -r*c t 

;o CioT, ->>J=i>SI-fbBSO«®/iit*aib-t*-i:A s 
[0029] im 3 <r>%M<n>T&m HI 1 14, 

T-<*b& 0 HI 2(4, *mfc<03KffiH#4S*«S*m* 

xw-jti^^^-tR^wtGa-p**. mi 3(4, 

P SCi lJ?l(5e$tL^:ffl*4t<0Wifcia-C*4o HI 3 
(4, a#W*Jti 'J Xv > F'j-Cil It?ixfc2f 
itxpsci •? jailTESn^gf Mtw^ibEir-^^o 

*^Msob.® K 4i t *T (4, J(S 2 OSjllftO *J v» TfP 

8Lty'j3 ymmitm*<r>mmmiH > ? -i >r-mm 

\,z*-9>)>?-fZ> Tf-mmm S it 4 o «)* t- , 9 * ? 
hfJfeiSHaat LTAPMft*, fcilT/X, HFSit, 
MtR'J >^0#I8t«*gfcft, I PAWHiKI 

JO ' J - 4: ffl v » r « iJ J: WiR JR#St O # W ?J*ff *L 4 o 
HI 1««8 1, 8 2(4, ^ti-rft, ^c>it7t®W^s 
tqSl|Xi*8$CT'^4o IS8 3, 8 4(4, atfflv^tl* 
■tti-etii") n ^i^tttSIf*^ G.E. Jel 
lison, "Optical functions of Si determined by two 
channel polarizat ion modulat ion el I ipsometry" (Op 
tical Materials, 1, 1992) t*)B\MLti 0 HI 11^ 
tiiC lfi^8 1 3s£Tf$&®L8 2 t, 1883^^^ 
ffl|^8 4 tOP B 1(Z(4^ ; f<0»^^ib*t4 o Z<O^T(0 

40 14, S i***<0 4OOiiv», a(5t*H««)itv»*CCi6 

[0 0 3 0] >kiz. »1 o*tfco»]Ko»a*ft»wJ: "J 

'J 3 >K-fbM(4, H 5 *<01±7J 1 X 1 0 - 2 T o r r <T> 
*ft-Ci/"j3>*«E«:l 0tJ»Wtt'ffcL-CffcS3*L7t o * 
«0|^, [si— hrtcov'; 3^i:±JE<0Cx-; h^t 

0. 8nmT-feof:„ f-?7^;f ^^:l^-> 
50 'J = ^*«OJB«r*isJ:W»JR«»w«i: LT, I PA 
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3 >»fk««JJffl«r*fc?RiR#IBc"C*4o AM 8 7 . 8 
8li, Ztl-Z'tl, ±IS<OG. E. Jel I isonW^Ifi^J: 

L£ •> n >mtm<7>mvi& tM^Scr-*^ 0 mis 

&ffi$!l8 6t88 fcli-HR+iJi 1 , JEW*** 8 5 t 8 
7 t <7)fBH;(±^ri f &£o -<^<A, ^l^fiOv'J 

[0 0 3 1 ] fr±x-<) -f'J* h "J-Srffl^T, 

st 2 (ommmm^m^^- x <o ftsit -> -j = >n 
a-ftBi*rt:Bii-*ai**'^ff*«: 1 x i o - 2 T o r r 

(1 . 3 3 P a) t L, MfCB#P B T* 15, 3 0, 6 0 , 
1 2 0, 1 8 0 sectM?«, JiJEOvV 3>BE 

5iS«-/'J3 > Hia^HlO^A £ n fc v 'J ^ > £ 
^SLtc -e<75(^, PI — n-y hrtco->'J 3>!6®H±iE 

tiR5£Lr?r*>*lti 0 f-^-f-yf-f > 7<r>tz*><T> > 

(i, _t£E<OG. E. Jellison0^5:^fb?lfflL^T'--5'^ 

[0 0 3 2] il 3(i, 5«»tf>-> , J 3>RAfl:ll!$:ffl 

X P S fflstK J: •) ft e>*LfcSS5R*i: <0M#£r^ Lt>> 
S 0 SI 1 3 C^ti XP S t&9Hfo<01&1&<?)ft± 

*S*^X P SWgfT+v'J XV- h LTJ3 < ,1 £ <fc 

[0 0 3 3] [Jtttffil2] HI 4J4, *»WO»2 0|t 

x>;/y/ b U - u «fc 4 ?Si]5eTi# S> fifca** t X P S 
K**ffll5rcfS-fc*.fc3**fcomtBI^*4o *ik« 
Wuiii/^-ctt, m 3 w*»o^!ffitn*v»r«ffl Lfcsi 

jt^nj Xvy- h 'J -oillstlSJ&K, h »; 

irffltJR«»tfflv»T7-f 7r-f >X£1t9 

r, IRit»S***#i<>fc« Hi 4ii, *UT**tR 

titit, XP Sffljet-J; ij»?>*tfclR«fa*4fc«) 



(8) #53 2 0 0 3 - 1 6 3 2 1 3 

3*** t o IB) i: (iffiH Mt^M. <b n 4 v»o L^^t- 

[0 0 3 4 ] m 3 <O&1fc0>M&£ tt&W2 t 

< - 7 m < =7-;* <n^m *4<t:tjR(sn 

'J T 5 it * ±aso / < 5 * H Wi" 4 MIE^ST- * 4 o 
[0 0 3 5] tt±, *56M**w»jl4:KJfiO®iSt:aS 

HWfl m t * ffi JE L 4 ^$EH T*a^ co^fk L tztm 

LTIi, ECRV^X^TOC, I CP (Inductivel 
y-Coup led Plasma) ft, RF (Radio Frequency) 7*7 

30 ll)o 

[0 0 3 6] 

[%^^?**] tUittMLfc J: T *l§tSi:J:4*fe^ 
C:i:75 ? Pltgt4l9, iJliat), 1. 0nmflT<Olft 

niy^jA n *j v » r j« «k tc mj* «: «i» -r * i t pt 1 1 1 
40 > •>>)=!> mm t <r>%-m n * -r-pjit L*v>tt: 

Ui73fel4, 1 nm&T<7>mm<?>&imfrb%.li!>Lt-zmyf 
i yiRJR#8fc«:fflv»T^ Ka^kMco53-7ti ') fv * 

t44o 

[HMOffl#4»iW] 
50 [HI] ^WiC^4^^S^Si^ft^Bffffl 
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Mo 

m 3 ] *&w<7>m i conMmzm-tezwiikiim- 
b 1 1 z> mm m - mmm^mm a 

teif Z>m.m# mm/®- if * sti - K-f tBWt#14Ho 
[H 5 ] *5£Wvm 1 <0*ifc«>JBS8tc«*SiS*fti: 
fc»t*E?J*'«5>-* £ Lfc»ffcB*|U]-HMb»tlW$tt 

Ho 

[d 6 ] Jttt0U 1 tc#*Kfi*fttcJ3it4ffiik«FH- 

[117] *&w<v&2<nmmmmr~»&z>m&itwk<r) 

S8ii2f£ K is It 4 £3S -M^tt#14Ho 

[US] 3f:|SW«JfS2<iO|giSOJgS.^4S83S^rffi-C 
ffcja?*L*BSI*6 nmOiMI4>OSf<7)S IMS/ 
□ 7 t-OK1o 

[II 9 ] 2 OHilSOJB3Sl-«**!j*^ffi^ 

ftiS$*l..&J5UW|g|Il6 nnKOSlftlfWifWS IM 

[0101 *%W?>m 2 0*JfcO©SRUfii4S»^i£ 
■C^»?K-&lSi¥l nmOSE£ftlBlf<7>£3R<OS IMS 
■7°n 7r^f ^Hlo 

[uii] *%m<7>m 3 o*itojBjffiu^4a*«K 

[Hi 2 ] *%Wn& 3 o*ifco®SSK«*a**« 

[113] *S69jO* 3 omtO®.®tC«4a**JS 
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[114] Jt««2 U«4a#0»*i'J 7-^ h 'J 
-i:<t •) £ itfcS** £ X P S i - J: *) $ iifctt 

1 m^z&m 

2 l-S 

3 (SHIS 
70 4 t:-^g 

5 A, 5B V-Y/W7 

6 £««2i18tt 

7,7a mm. 

8 7"7X-7ieSB 

9 mmffi. 

1 0 fc-? 

2 0, 3 0 , 4 0 ifxm&Zi 

2 1 , 2 3, 3 1, 3 3 , 4 1, 4 3 Xh^7"^>7' 
22, 32, 42 7^-7n--n/l-D-7 

20 2 4 m.m*'^-i-'>^< 

3 4 M^**^**>-^ 

4 4 7 ^3*/*'X.t'>^ 

5 1 , 5 2 , 5 3 , 5 4 

6 1,62 Jfr&fcT-?5figE 

7 1 , 72, 74, 75, 76, 77 SIMS7'D7 

7 3 fffi 

8 1,83 -> "J 3 > <7)miftz£ 

8 2,8 4 v'J 3>^jR#Sfc 
JO 8 5, 8 7 v'javBMtHWJHWsp 
8 6, 8 8 -> U 3 y'St-ftlBtoeRiR'RS: 
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[HI 2] [HI 3] 




85.87 '>9^>fSHbSO>m9rm 

86.88 ->yr>vlgfeKro!SlRaS 



7C> h-^— ->'<7)Sx# 

F 9 - A (##) 4M106 AA01 CB16 CB30 DH11 

5F058 BA06 BC02 BC08 BC1 1 BF73 

BF74 BJ04 
5F140 MOO AA27 BA01 BD01 BD05 

BD09 BE02 BE05 BE07 BE08 

BE20 
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